USA is highest among low-income populations and those racial/ethnic minority groups overrepresented among the lower socioeconomic strata (5) (6) (7) .
Oral health disparities are most pronounced among preschool-aged children. Early childhood caries (ECC) is associated with significant adverse physical, functional, and behavioral consequences that can greatly impair quality of life (8) . The effects of ECC can be long term, increasing risk for dental problems later in life (9) (10) (11) (12) (13) (14) , and interfering with basic social functioning (4, 5) , as well as optimal growth and development (15, 16) .
As a result of examination difficulties and variation in ECC clinical diagnostic criteria, the prevalence of ECC in the USA is not entirely clear (17) . Current estimates in developed Western societies range between 1% and 12% (18) . However, among low-income and many minority groups, ECC is at endemic levels and these children experience significantly higher levels of dental caries and poorer oral health than their counterparts (19) (20) (21) . According to data from the Third National Health and Nutrition Examination Survey from 1988 to 1994 (NHANES III), ECC occurs in about twice as many minority children, two and a half times as many children of less educated parents (those who did not finish high school), and three times as many poor children relative to other preschool-aged children (22) .
Although low-income minority children are at high risk for ECC, not all such children develop this costly-to-treat and disabling disease. The reasons for this are unknown. Studies have focused on access to care issues and biological risk factors for caries in young children, but recently, the research focus has shifted toward understanding the psychosocial and behavioral determinants of ECC (23) . There is growing recognition of the need to understand how social, cultural, environmental, and psychological forces in the family affect oral health outcomes in early childhood. Research has shown that broader psychosocial factors can influence engaging in and maintaining health-promoting behaviors, and risk factors that have been found to adversely affect parents' ability to engage in preventive health practices include poverty, chronic stress, and depression (24) (25) (26) (27) .
Studies are beginning to explore and document the relationships between caregiver psychosocial factors and children's ECC status (11, (28) (29) (30) (31) (32) (33) (34) (35) (36) (37) . In studies of Head Start children, Reisine and Litt (34) investigated brushing habits, sugar intake in the diet, social class, stressful life events, dental health locus of control, dental self-efficacy, tooth decay, and bacteria in saliva. In this cross-sectional biopsychosocial model, caregivers' low self-efficacy was found to be associated with higher caries rates in their children. Bacterial count and mothers' locus of control, income, dental knowledge, and stress levels were also significantly associated with caries; stress had an inverse relationship with ECC. One year later, efficacy was an important predictor of sugar intake in the final structural equations model, which in turn predicted bacterial levels and dental caries (31) . In another study 1 year later, caries experience, bacteria level, and brushing at baseline predicted later caries risk in a discriminant function analysis (11) .
Other studies have investigated the effect of caregivers' stress measured by various versions of the Parenting Stress Index (PSI) (38) on children's oral health status. LaValle et al. (29) studied parenting stress in primarily low-income caregivers of 5-12-year olds, and found that lower caregiver age, education, and Child Domain PSI subscale scores (measuring child characteristics like demandingness, mood, and adaptability) were associated with children's poorer oral health. Quinonez et al. (33) used the PSI Short Form total score to measure parenting stress in a sample of mostly lower income minority caregivers, and found that the score was significantly positively related to ECC among 18-36-month olds in the bivariate case only, but not in the final multivariable prediction model including demographic and other biological factors. Recently, Tang et al. (35) also had similar findings of a significant bivariate correlation between the PSI Short Form and ECC in 4-to 5-year-old Australians, but the effect did not appear in the regression models.
The objective of the present study was to better understand the correlates of intra-group oral health disparities in a large community-based sample of very poor young African-American children. Because there is no conclusive evidence that traditional efforts to improve oral hygiene behaviors reduce dental caries (6) , it is important to identify risk and protective factors that can provide an empirical basis for effective interventions. Using a conceptual framework derived from social cognitive theory (SCT) (39) (40) (41) (42) and findings from research on psychosocial influences on preventive health behaviors (24) (25) (26) (27) , we sought to identify how maternal self-efficacy, oral health-related beliefs and knowledge, maternal depression, parenting stress, and social support relate to ECC among low-income African-American children aged 1-5 years.
Methods

Study design and sample
Data for this study are from the Detroit Dental Health Project (DDHP), one of five Centers funded by the National Institutes of Health (NIDCR grant U-54 DE 14261) to conduct research to reduce oral health disparities in the USA (43) . The DDHP research program investigates the social, familial, biological, and neighborhood determinants of oral health status among low-income African-American families in Detroit, Michigan. The populationbased sample of African-American families was selected using a multistage area probability sample design. The DDHP research team selected the 39 lowest income Census tracts in the city of Detroit based on 2000 Census data. Families were eligible if they had at least one child <6 years of age at baseline and had incomes below 250% of the federal poverty line. The total study cohort included 1021 children and their primary caregivers. Of the 12 265 randomly selected housing units, 9781 were successfully contacted and an adult living in the unit responded to the project staff (77.3% contact rate). Of the 9781 contacted housing units, 1386 (14.2%) had an eligible African-American child <6 years of age. Of the 1386 families with eligible children, 1021 completed the study (73.7%).
Trained staff conducted face-to-face interviews with caregivers at the DDHP Examination Center in Detroit during 2002-2003; caregivers were surveyed about oral health beliefs and behavior and a wide range of psychosocial factors using a series of structured questionnaires. All children and caregivers underwent a clinical dental examination. The present study analyzed data from mothers and their children aged 1-5 years.
Study variables
Our dependent variable was a measure of children's oral health based on a clinical evaluation. A team of six dentists performed detailed visual examinations of each clean and dry tooth surface using the International Caries Detection and Assessment System (ICDAS) criteria for caries detection (44) . The ICDAS is not a new system; rather it represents a consolidation of 29 criteria systems that have been used in previous studies (45) (46) (47) (48) into one system (49) that can be used to provide more in-depth analysis of the stages of the carious process. It allows for evaluation of the early non-cavitated stages separately from cavitated carious lesions.
The criteria system measures six stages of the carious process: (i) first visual change in enamel; (ii) distinct visual change in enamel; (iii) noncavitated surface with underlying dark shadow from dentin; (iv) initial breakdown in enamel because of caries with no visible dentin; (v) distinct cavity with visible dentin; and (vi) extensive distinct cavity with visible dentin.
The ICDAS system was also found to have moderate to excellent reliability in the DDHP. The six examiners who collected the dental data for this study had weighted intra-examiner kappa coefficients ranging between 0.65 and 0.91. The weighted kappa coefficients for the inter-examiner reliabilities ranged between 0.68 and 0.80. Based on the dental examination, each child was classified as either caries-free or having ECC or severe ECC (S-ECC) based on the case definition of ECC proposed by an expert panel for research purposes with preschool-aged children (21) . This definition has been used in prior research (50) , and was adopted by the American Academy of Pediatric Dentistry Council on Clinical Affairs in May 2000 (51) .
Our analysis included four sets of covariates: (i) a set of variables operationalizing SCT, (ii) maternal psychosocial factors potentially influencing health behavior, (iii) sociodemographic characteristics, and (iv) the child's dental history. The SCT variables included four brief scales designed to operationalize SCT and relate its key constructs to children's oral health: oral health-related self-efficacy (OHSE), knowledge about appropriate bottle use (KBU) and about children's oral hygiene (KCOH), and belief in oral health fatalism (OHF). A detailed description of the development of these scales is available elsewhere (52) . Analyses conducted by the authors supported their reliability and validity, with Cronbach's alpha coefficient ranging from 0.76 to 0.91.
Oral health self-efficacy (OHSE) was assessed by a nine-item measure that inquired how confident caregivers were about making sure children's teeth were brushed before bedtime under situations such as being tired. Possible responses ranged from 1 (not at all confident) to 4 (very confident); answers were averaged to generate a single oral health selfefficacy score. Maternal KBU and KCOH were assessed by responses to several oral health statements on a five-point Likert scale. Four items were used to create the KBU scale; a sample item is ''there is nothing wrong with putting the baby to bed with a bottle.'' Six items were used to create the KCOH scale; a sample item is ''cavities in baby teeth don't matter since they fall out anyway.'' Responses to each set of items were averaged to construct each scale. A dummy variable for OHF was created to reflect maternal agreement with the statement that ''most children eventually develop dental cavities.'' We also included a dummy variable indicating whether the mother reported brushing her own teeth at bedtime in the past week.
We examined three psychosocial factors potentially influencing maternal preventive health behavior: symptoms of depression, parenting stress, and social support. Depressive symptoms were assessed using the Center for Epidemiological Studies Depression Scale (CES-D) (53) . A dummy variable was created and coded '1' for mothers scoring above 16 or more on the CES-D, the standard cutoff for identifying individuals at risk of depression (54, 55) . The Cronbach's alpha for the CES-D in our sample was 0.89.
The constraints of time and respondent burden necessitated the use of a brief measure of parenting stress appropriate for use with impoverished and overburdened families. The eight items in the DDHP measure were taken from Abidin's Parenting Stress Index (PSI), a standard measure of perceived stress in the caregiving role (38) as adapted in the New Chance Study, an evaluation of a comprehensive program for mothers in poverty and their children (56) . This brief measure was used in the Women's Employment Survey (WES), a longitudinal survey of mothers in an urban Michigan county who were receiving welfare in 1997 (57-59) and a similar measure was used in a study of the socioeconomic and psychological well-being of low-income young mothers under welfare reform (60) . Excellent alpha reliability coefficients were reported in both studies.
To validate the measure in our sample, an exploratory factor analysis (EFA) of the eight items was conducted. The EFA resulted in two distinct factors, and a scale about feelings related to the caregiver role was created from the six items comprising one factor. The final six items in the measure included: (i) how often do you feel that you have too little time to spend by yourself; (ii) how often do you wish you did not have so many responsibilities; (iii) how often would you say that your child gets (or children get) on your nerves; (iv) how often do you feel that your child is (children are) making too many demands on you; (v) how often do you find that being a mother is much more work than pleasure; and (vi) how often do you feel tired, worn out, or exhausted from raising a family? The response scale was 5 ¼ almost always, 4 ¼ often, 3 ¼ sometimes, 2 ¼ rarely, 1 ¼ never. Parenting stress was measured by the average score of the six items. The alpha reliability for this scale in our sample was 0.76.
Social support focused on instrumental support and was assessed by four separate questions about whether or not mothers reported having someone they could count on to: (i) run errands, (ii) lend them money, (iii) watch their children, and (iv) lend them a car or give them a ride if needed (61) (62) (63) .
Sociodemographic variables included the mothers' age (continuous variable), education level (coded as completing high school or more vs. less than high school), annual household income (categorized as <$10 000 as the reference, $10 000-19 999, and $20 000 or above), and household size (continuous variable). The child's age, 1-week brushing frequency, dental insurance status (1 ¼ insured), and dental visit history were also examined.
Data analysis
The very few missing items (<4% for any individual item) in the survey data were imputed with Imputation and Variance Estimation software (IVEware, University of Michigan, Ann Arbor, MI, USA). Imputation was done for individual items before calculating scores for scales, allowing a more consistent sample size to be used in analyses. Cases with missing demographic data (household size, education, and income) were not imputed and were excluded from analyses. Descriptive statistics for all the variables were calculated to examine their distributions and ascertain the characteristics of the sample.
Early childhood caries is strongly correlated with age, so the outcome was modeled differently by age group (1-3 and 4-5 years) to control for child's age and reflect the distribution of dental caries. Logistic regression was used to estimate the relationships between the independent variables and the child's ECC status (caries-free or diseased; the very few cases classified as having S-ECC were not distinguished from ECC) for the 1-to 3-year-old children, and a cumulative logit model was used for the analysis of the ordered categorical dependent variable, 4-5-year olds' ECC status (caries-free, ECC, or S-ECC).
All data management steps were done in SAS version 8 (64) , and all statistical analyses were conducted in SUDAAN version 8 (65) software to account for the complex sample design and produce robust variance estimations. SUDAAN uses generalized estimating equation (GEE) methodology to produce the parameter estimates and the Taylor series linearization technique to produce robust variance estimations for all of the regression models (66) . All analyses were adjusted with a sample weight created to account for the unequal probability of selection, participant non-response, and a post-stratification control (all features of the complex sample design) to make the sample representative of the population of children in Detroit in terms of race, gender, and age.
Results
Characteristics of the final sample, which included 719 mother-child dyads with no missing data on any of the study variables, are summarized in Table 1 <$10 000 to support an average household size of four. Almost half (49%) had not finished high school. Mothers reported relatively high levels of self-efficacy (3 on a four-point scale) and were knowledgeable about appropriate bottle use and children's oral hygiene needs. However, more than three quarters of the sample endorsed a fatalistic oral health belief. Maternal symptoms of depression were highly prevalent; about one-third (35%) of the sample scored 16 or more on the CES-D. Parenting stress scale scores were fairly normally distributed, and most mothers reported that they 'sometimes' experienced feelings of stress. Most reported having all four types of instrumental social support available. Eighty-nine percent of children had some type of dental insurance coverage, typically Medicaid, and a majority (78%) had not been to a dentist yet. Children's teeth were brushed 8.42 times per week on average, slightly more often than once daily. The regression model odds ratio (OR) estimates for both age groups are presented in Table 2 . Other analyses (not shown) revealed no multicollinearity, and the effects of all variables together in the full model are shown. In Table 2 , OR >1 indicate that the independent variable is positively associated with ECC (increases the risk of ECC), while OR <1 indicate an inverse relationship with ECC (decreases the risk of ECC). Among the 1-to 3-yearold children (Table 2 , left column), one-third were classified as having ECC. None of the social cognitive variables were significant, but parenting stress, income, and the child's age and dental visit history were relevant for whether a child had ECC. Parenting stress was a significant predictor of ECC, and surprisingly, was inversely associated with *P < 0.10; **P < 0.05; ***P < 0.01; ****P < 0.001. The case definition of ECC proposed by an expert panel was used in these analyses [Drury et al (21) ]. For the 1-to 3-yearold children, a logistic regression model (outcome defined as sound vs. ECC) was used; 288 children did not have cavities and 158 children had ECC. For the 4-to 5-year-old children, a cumulative logit model (outcome defined as sound vs. ECC or severe ECC) was used; 107 children had severe ECC, 121 had ECC, and 45 children did not have cavities.
children's ECC status, such that for each unit increase on the stress scale, the odds of the child having ECC reduced by about one-third (OR ¼ 0.62, 95% CI 0.39-0.98; P < 0.05). Even within this low-income population, higher income appeared to be protective, a trend that approached significance (OR ¼ 0.51, 95% CI 0.26-1.01; P < 0.10). Children's age was strongly positively associated with disease levels, as expected (OR ¼ 2.99, 95% CI 1.99-4.50; P < 0.001), and those children who had a restorative dental visit were also much more likely to have ECC relative to their counterparts who had never been to a dentist at all (OR ¼ 11.50, 95% CI 2.66-49.73; P < 0.001).
In sum, the significant findings in the 1-to 3-yearold ECC model included parenting stress as inversely associated with ECC and two factorsthe child's age and past restorative dental visit -as each being positively associated with ECC. Among the 4-5-year olds (Table 2 ; right column), 107 (39%) had S-ECC, 121 (44%) had ECC, and 45 (17%) were caries-free. Mothers' knowledge about children's oral hygiene (KCOH) was an important factor, significantly reducing both the odds of ECC or S-ECC (OR ¼ 0.66, 95% CI 0.44-0.97; P < 0.05). Endorsing a fatalistic belief (OHF) significantly increased children's odds of disease by 2.67 (95% CI 1.20-5.98, P < 0.05).
A surprising trend that emerged among 4-to 5-year-old children was that parenting stress, which was expected to operate as a risk factor, was instead protective. Children of mothers who reported experiencing more stress in the parenting role were less likely to have caries, such that for each unit increase on the stress scale, the odds of the child having ECC or S-ECC reduced by about one quarter (OR ¼ 0.72, 95% CI 0.50-1.03, P < 0.10).
Higher educational attainment was protective as well, and children of mothers with more than a high school education or a GED were significantly less likely to have ECC or S-ECC (OR ¼ 0.51, 95% CI 0.28-0.95; P < 0.05). Children with dental insurance coverage appeared to enjoy better oral health outcomes than their uninsured counterparts, a trend that approached significance (OR ¼ 0.44, 95% CI 0.16-1.15; P < 0.10). Both the age of the child and that of the mother also approached significance. Consistent with the well-established correlation between age and dental disease, 5-year olds were twice as likely (OR ¼ 2.08, 95% CI 0.98-4.45, P < 0.10) as 4-year olds to have caries. Additionally, children of older mothers were also slightly more likely to have disease (OR ¼ 1.05, 95% CI 0.99-1.12, P < 0.10). Oral health selfefficacy, maternal toothbrushing behavior, depressive symptoms, social support, and dental visit history were not significantly associated with children's caries status. In sum, the significant findings in the 4-to 5-year-old ECC model included maternal knowledge of children's oral health, maternal education, and the child having dental insurance as each being inversely associated with ECC, while maternal endorsement of fatalism was positively associated with ECC.
Discussion
The high prevalence of ECC among the children in this population-based sample is of great concern. Overall, one-third of the children had ECC, and another 20% had S-ECC, with the proportion of children with disease increasing with age. To place these numbers in perspective, the prevalence of ECC in NHANES III data for all 2-4-year olds is 18%, and for African-Americans is 24% (5) . In a large study of Head Start children, the estimated prevalence of ECC among lower income AfricanAmerican 3-5-year olds was 20.5% (67) .
Two of the SCT variables, oral-health fatalism (OHF) and knowledge of children's oral hygiene needs (KCOH), were associated with ECC. Endorsing a fatalistic belief nearly tripled children's odds of disease and higher KCOH scores were protective against ECC in the model for 4-to 5-year-old children. While cognitions are potentially modifiable and these relationships have potential implications for designing interventions, fatalistic perceptions may be difficult to modify and it is not clear if increased knowledge led to better outcomes or vice versa. Contrary to our expectations, considering the support for SCT across many other studies of health outcomes (42) , maternal oral health self-efficacy, knowledge about appropriate bottle use, and mothers' own toothbrushing behavior were not associated with ECC. However, our findings are consistent with those of systematic literature reviews that have found improved oral health knowledge does not lead to long-lasting changes in behaviors (68) (69) (70) . Studies examining parental knowledge and ECC outcomes in particular have found that greater knowledge of ECC risk factors does not always preclude parents from engaging in risky behaviors (71) (72) (73) . Nevertheless, given the limitations of our measures, as well as our use of cross-sectional data, these social cognitive constructs warrant further exploration as potential determinants of children's oral health.
Interestingly, higher levels of parenting stress were significantly associated with better dental outcomes. Additionally, all of the individual items of the parenting stress scale were inversely related with ECC, and the correlations for two of the six items (having little time to oneself and feeling tired from raising a family) were significant. While these findings may simply reflect the limitations of our measure of parenting stress, it could also be that perceived distress in the parenting role reflects greater conscientiousness on the part of the parent, better developed coping skills in the face of adversity, or some other adaptive quality.
Litt et al. (31) measured stress in terms of life events and examined its association with ECC in a Head Start populations; the direction of the findings in their study is consistent with our finding of an inverse relationship between higher levels of stress and ECC. Furthermore, Weinstein et al. (73) , reported that Mexican-American migrant farmworker caregivers of babies without baby bottle tooth decay had higher scores on PSI items related to feeling trapped by parenting responsibilities and not enjoying life. However, our findings conflict with those of Tang et al. (35) and Quinonez et al. (33) ; they found that higher total scores on the PSI Short Form significantly correlated with ECC in bivariate analyses, although it did not contribute independently in multivariate analyses. Similarly, LaValle et al. (29) found a significant positive association between a subscale of the PSI (Child Domain) and ECC. Clearly, the effect of caregivers' stress levels on their children's ECC status is an area that warrants further investigation. It is unfortunate that we were unable to administer the full (120-item) or short (36-item) form of the PSI, and future research should pursue this finding using the full PSI or another 'gold standard' measure.
As anticipated, higher education and income appeared protective against disease. Higher annual income ($20 000 or more compared to <$10,000 a year) was protective against ECC for the 1-3-year olds in our sample, although this trend may not have reached standard significance levels because of the homogeneity of the income levels. Higher education was significantly inversely related to ECC among the 4-5-year olds. Moreover, as expected, 1-to 3-year-old children with past dental visits for restorative care were at a much higher risk of ECC, although the number of children with this type of visit was small and this finding should be considered with caution. Ten of the 18 children who sought treatment were 3-year olds.
Our findings provide support for including broader psychosocial variables in addition to traditional socioeconomic variables in multidimensional models of young children's oral health outcomes in future disparities research. One of the Healthy People 2010 Oral Health Objectives (no. 21-1a) is to reduce the proportion of young children aged 2-4 years with dental caries in their primary teeth to 11% (74) . The process by which social stratification translates to poor oral health beginning in earliest childhood, especially for groups at higher risk for disease, is not well understood. Although the constraints of cross-sectional data and the limitations of our measures must be acknowledged, our findings suggest the need for future research to move beyond traditional risk factors and more closely examine the impact of the social environment on oral health beliefs, behavior, and outcomes. In addition, we studied a relatively homogenous sample of poor families, in which low socioeconomic and minority status are universal. The fact that higher income and education were protective even within this sample suggests that in order to eliminate oral health disparities, the social forces that differentially allocate health resources and risk exposure across various groups in society must be addressed (75) .
